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ABSTRACT 
Nanofluids are electrically conducting fluids which are the suspension of metallic, 
non-metallic or polymeric nano-sized material in base liquid such as water, oil or air 
are employed to perform tasks such as heat transfer and thermal conductivity. To 
overcome limitations in heat transfer, an innovative new class of heat transfer fluid is 
engineered as nanofluids by suspending metallic nanoparticles in conventional heat 
transfer fluids, which expected to exhibit high thermal conductivities compared to 
those of currently used heat transfer fluids, and they have the potential to enhance 
heat transfer process. Enhancing the heat capacity of nanofluids in various 
applications in industries and in most of the real life application as heat transfer is a 
great challenge. This study proposes the analysis for thermal response of nanofluid 
flow over the porous surface in the presence of magnetic field in various stream 
conditions. The mechanical system of nanoparticle elements is suitable for 
stagnation-point flow with convective boundary layer over a vertical porous 
permeable surface is framed into a mathematical model. The governing nonlinear 
partial differential equations are transformed into a system of coupled nonlinear 
ordinary differential equations using similarity transformations and then the framed 
mathematical equations are applied numerically using the fourth-fifth order Runge–
Kutta–Fehlberg method by using coded MAPLE 18 software. The work theoretically 
investigate and analyse via simulation on the effects of various governing parameters 
on flow field and heat transfer and nanoparticle volume concentration characteristics 
of the convective boundary layer stagnation point flow of nanofluid towards a porous 
stretching and shrinking permeable surface subjected to suction/ injection effect. The 
result indicated that flow, heat transfer and nanoparticle concentration can be 
controlled by changing the quantity of governing parameters. 
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ABSTRAK 
Nanofluids adalah cecair elektrik yang mengandungi bahan logam dan bukan logam 
dan serbok polimerik yang bersaiz nano yang melaksanakan proses seperti 
pemindahan haba dan kekonduksian therma. Untuk mengatasi kelemahan dalam 
pemindahan haba, cecair inovatif kelas baru bagi pemindahan haba kejuruteraan, 
nanofluids dengan campuran nanopartikel logam dalam cecair pemindahan haba 
konvensional, yang dijangka mempamerkan keberaliran haba yang tinggi berbanding 
dengan cecair yang ada dan cecair ini berpotensi untuk meningkatkan proses 
pemindahan haba. Meningkatkan kapasiti haba nanofluids dalam pelbagai aplikasi 
dalam industri dan kebanyakan aplikasi kehidupan sebagai pemindah haba masih ada 
kelemahan yang perlu diselesaikan. Keperluan industri berorientasikan nanofluid 
memerlukan kajian yang banyak. Kajian ini mencadangkan analisis kepada aliran 
nanofluid atas permukaan berliang di dalam medan magnet mengikut pelbagai 
keadaan aliran. Sistem mekanikal elemen nanopartikel sesuai untuk aliran stagnation 
point dan aliran lapisan sempadan atas yang mengecut atau menegak dan permukaan 
regangan dibingkaikan ke dalam model matematik. Persamaan separa pembezaan 
tidak linear diubah menjadi satu sistem ditambah pula persamaan pembezaan tidak 
linear biasa menggunakan transformasi persamaan dan kemudian persamaan 
matematik dirangka digunakan secara berangka menggunakan order keempat dan 
kelima kaedah Runge-Kutta-Fehlberg oleh dan dikodkan ke dalam perisian MAPLE 
18. Kerja-kerja ini secara teori menyiasat melalui simulasi kesan pelbagai parameter 
yang mengawal di padang aliran dan pemindahan haba dan ciri-ciri kepekatan jumlah 
nanopartikel aliran titik stagnation point nanofluid ke arah regangan dan mengecut 
aliran yang berliang tertakluk kepada kesan sedutan dan suntikan. Hasil kajian 
menunjukkan aliran, pemindahan haba dan penumpuan nanopartikel boleh dikawal 
dengan mengubah parameter kawalan. 
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INTRODUCTION 
1.1 Background 
Heat transfer is indispensable to maintain the reliability of desired performance of a 
wide variety of equipment’s in industries and consumer products. High-tech 
industries face technical challenges day by day. Heat transfer is one of them 
especially in industries such as manufacturing, metrology, microelectronics, nuclear 
reactors, hybrid-powered engines, vehicle thermal management, domestic 
refrigerator, chillers, heat exchanger, nuclear reactor coolant, grinding, machining, 
space technology, ships, and boiler flue gas temperature reduction. These industries 
faces heat transfer problems because of unprecedented heat loads and heat fluxes. Air 
cooling, water cooling systems, coolant, fins, liquid nitrogen are commonly used as 
coolants in industries. In optoelectronic devices in power electronics devices are also 
found to have heat transfer problems. Increasing in heat flux necessitates the use of 
liquid cooling technologies such as heat pipes, spray cooling for chips, direct 
immersion cooling. In manufacturing industries conventional heat transfer fluids oil, 
water, ethylene glycol, toluene are used for heat transfer and cooling purpose. But 
these cooling systems are not able to satisfy the required heat transfer requirements 
while dispersed solid particles with heat transfer fluid shows better cooling rate 
compared with traditional cooling systems.  
Heat transfer fluid having millimetre or micrometre sized particles have some 
weakness. Rapid settling of millimetre or micrometre sized particle is the problem 
and if the fluid is kept circulating to prevent particle settling, these particles would 
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wear out bearings, pumps and pipes. Furthermore such sized particles are not 
applicable in microsystems because it can clog micro channels. Significantly this 
type of cooling system results in pressure drop. To overcome disadvantages and 
improve heat transfer characteristics an innovative idea of implementing nanometer 
sized particle (Choi & Eastman, 1995) became a conventional method for cooling 
purpose. Many research are still on going for nanofluids and its heat transfer 
characteristics. 
Nanofluid is a new kind of fluid containing small quantity of nano-sized 
particles (usually less than 100nm) that are uniformly and stably suspended in a 
liquid. The dispersion of a small amount of solid nanoparticles in conventional fluids 
changes their thermal conductivity remarkably. Nanofluids are characterized by base 
fluid like water, toluene, ethylene glycol or oil with nanoparticles in variety of types 
like metals, oxides, carbides, carbon, nitrides and others. Some benefits of nanofluids 
that make them useful are:  
1. The nanoparticles surface to volume ratio is ͳ × ͳͲଷ times larger than 
that of microparticles. Surface area of the particles conducts heat. Since 
nanoparticles have larger surface area, it enhances the heat conduction of 
nanofluids. 
2. Nanoparticles stay suspended longer time compared to microparticles. 
3. High stability and high thermal conductivity. 
4. Nanoparticles reduce erosion, clogging and abrasion dramatically.  
Thermal conductivity of nanofluid has been measured with several 
nanoparticles volume fraction, material and dimension in several base fluids and all 
findings showed that thermal conductivity of nanofluid is higher than the base fluids 
and have great potential and more efficient for a cooling system.  
The novel concept of nanofluids has been proposed as a route to analyse the 
performance of heat transfer fluids currently available(Bachok et al., 2010). But the 
characteristic of nanoparticle volume concentration, nanofluid temperature and flow 
field velocity of nanofluid differs on the basis change in stream conditions. It is in a 
great interest of this research to analyse the characteristics of fluid flow over vertical 
porous medium in the presence of magnetic field with variable stream conditions. 
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1.2 Problem statement 
Heat transfer is one of the challenges in industries such as manufacturing, metrology, 
microelectronics, nuclear reactors, heat exchanger, space technology, ships, and 
boiler flue gas temperature reduction. Heat transfer failure caused by unprecedented 
increase in heat loads and heat flux caused challenges in high tech industries. 
Conventional heat transfer methods like air cooling, water cooling systems, coolant, 
fins and also conventional heat transfer liquids like water, toluene, ethylene glycol or 
oil unable to fulfil the requirements of industries because of its low thermal 
conductivity  (Choi 1995) and (Eastman et al., 2001). To overcome the heat transfer 
issues nanoparticles disperse with base fluids as coolant can achieve the desirable 
performance due to high heat transfer capabilities (Gharagozloo & Goodson 2011). 
Nanofluids ability has already provide but just that enough to enable nanofluid in real 
life application. Analysing its thermal behaviour on various situation is important 
(Bachok et al., 2010). Owing to this application, this research will try to find 
solutions following questions arise. 
1. What are nanofluid characteristics that provide optimum heat transfer with 
the conditions involved? 
2. How to formulate numerical model presenting the nanofluid characteristics? 
3. How to optimize nanofluid model using simulation software?   
4. What are the effects of various stream conditions towards the temperature, 
velocity and nanoparticle volume concentration profiles? 
5. How does the fluid flow characteristic differs between stretching and 
shrinking surface? 
6. How does the fluid flow characteristic differs between injection and 
suction? 
1.3 Aim and objectives of the research 
The overall aim and objectives of present study is to analyse the characteristics of 
heat transfer and mass transfer by constructing mathematical model and generating 
the numerical algorithms on convective boundary layer stagnation point flow over 
porous surface. The specific objectives are as follows: 
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1. To frame numerical algorithm of nanofluid model with various streaming 
conditions involved.  
2. To analyse the nanofluid model simulation using software MAPLE 18 
software. 
3. To analyse thermal response, velocity, concentration of nanofluid flow on 
stretching/shrinking surface subjected to various physical effects in suction 
process through simulation. 
4. To analyse thermal response, velocity, concentration of nanofluid flow on 
stretching/shrinking surface subjected to various physical effects in injection 
process through simulation and comparing the results with the results of 
objective 3. 
1.4 Scope of the research 
This work will be limited to the algorithm generated and its simulation using 
MAPLE 18. The simulation will be focus on various thermal response, velocity, 
concentration in suction and injection process. The simulation model will focus on 
various streaming conditions and will study nanofluid response on velocity flow, 
temperature distribution and concentration on stretching and shrinking surface 
subjected to injection and suction process on convective boundary layer stagnation 
point flow over porous surface. 
1.5 Significance of study 
Nanofluids in the presence of magnetic effect have great potential for heat transfer 
enhancement and it is highly suited in application in heat transfer processes. Due to 
magnetic field Lorentz force acts opposite to the flow, velocity of nanofluid 
decreases, which tends to increase the thermal conductivity of nanofluid. Surface to 
volume ratio of nanoparticles, stability, and are added advantages of using 
nanofluids.  This provides promising ways for engineers to develop highly compact 
and effective heat transfer fluids. When addressing the nanofluids, it is foremost 
important to establish its flow over surface. Nanofluids flow in porous surface play a 
very important role on engineering applications. In diverse applications nanofluid 
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over porous surface has been an efficient active field. Nanofluids flow over porous 
surface varies with respect to stream conditions. Brownian motion and 
thermophoresis holds important handy in thermal conductivity and nanoparticle 
volume fraction. Providing nanofluids with proper stream conditions can achieve 
efficient heat transfer. 
Heat transfer by convection in numerous examples of naturally occurring 
fluid flow, such as wind, oceanic currents, and movements within the Earth's mantle. 
Porous surface splits into stretching and shrinking surface, each one implies its 
necessity on their particular applications. Flow over stretching/shrinking differs from 
each other due to the characteristics of nanofluids and surface. 
1.6 Organization of thesis 
This thesis consists of an introductory chapter and four main chapters dealing with 
the following problems. 
Chapter 1 provides brief introduction of the subject, problems, physical 
features involved in the study of stagnation flow of magnetohydrodynamic boundary 
layer flow of nanofluids with Brownian motion, thermophoresis, thermal radiation, 
magnetic effect, suction/ injection and various dimensionless numbers. 
Nanofluids have high heat transfer ability to fulfil the necessity of heat 
transfer fluid in industries. It is also a need to increase the efficiency of nanofluid, so 
that performance will increase. The study of thermal response of nanofluid in the 
presence of magnetic field is of great practical importance to engineers and scientists 
because of its almost universal occurrence in many branches of science and 
engineering. Nanofluids with magnetic effect change its response to heat with 
variable stream conditions. Therefore, Chapter 2 presents the literature review that 
leads to overall study in this thesis. 
Chapter 3 presents an overview of the research methodology involved in 
choosing appropriate steps and procedures to give the solution of problem to achieve 
the objectives of study. In order to ensure the effectiveness of nanofluid in heat 
transfer applications. 
Chapter 4 presents the effects of thermal response of nanofluid flow in the 
presence of magnetic field and suction/injection effect with variable stream 
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conditions on a vertical porous surface. The main objective is to investigate the 
thermal response of nanofluid flow on various physical effects, nanofluids energy 
transmission regarding its volume concentration and to analyse stability of nanofluid. 
Here the stagnation flow over porous surface (stretching/shrinking surface) on 
vertical plate is to investigate numerically and analyse using MAPLE software 
(version 18). The physical aspects of fluid flow are governed with governing 
equations of Computational fluid dynamics. Governing nonlinear boundary-layer 
equations are converted by similarity transformation to coupled higher order 
nonlinear ordinary differential equation. The output nanoparticle volume 
concentration, temperature and velocity profiles show the clear objectives of thesis 
with flow and characteristics when subjected to various physical effects. 
Finally, concluded the thesis with Chapter 5 which consists of two main 
parts: contributions and future work. 
 
 
  
CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
2.1 Introduction 
A number of researchs relating to effects of nanoparticles usage in heat transfer 
fluids have been carried out by a number of researchers recently. This chapter will 
discuss their findings. The chapter will also include parameters and factors that 
relates to heat transfer characteristics and properties that have been studied. The 
literatures presented here have influenced the work and methodology used. 
2.2 Nanofluids and Nanoparticles  
Choi (1995) introduced the term nanofluid. It refers to the fluids with suspended 
nanoparticles. He engineered and innovated suspending metallic nanoparticles in 
conventional heat transfer fluids. The results showed that the addition of a very small 
amount of nanoparticles to convectional heat transfer fluids, increased the thermal 
conductivity of the fluid up to approximately two times. The reason was the high 
surface area of nanoparticles enhances the heat conduction of nanofluids since heat 
conduction occurs on the surface of the particle. The surface to volume ratio of 
nanoparticles is 1000 times larger than that of microparticles so heat transfer rate is 
also high. 
Eastman et al., (2001) indicated that a small amount (<1% volume fraction) 
of Cu nanoparticles or carbon nanotubes dispersed in ethylene glycol or oil is 
reported to increase the thermal conductivity of a liquid by 40% and 150% 
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respectively. However, a convectional solid particle-liquid suspensions with larger 
size and higher density requires more concentrations (>10%) of particle to achieve 
such enhancement. This amount of concentration induces a problem of settling, flow 
resistance and possible erosion. Masuda et al., (1993) observed a phenomenon that 
nanofluids has a characteristic feature of thermal conductivity enhancement, which 
indicates the possibility of using nanofluids in advanced nuclear systems due to high 
stability and good conductivity. The research therefore will study this phenomenon 
through simulation and study the characteristics of heat conduction when certain 
parameters are changed. 
2.3 Experimental works on thermal conductivity of nanofluids 
From Eastman et al., (1997) report, nanoparticles induced in water made a promising 
turning point of using nanofluids in heat transfer process. The article showed that 5% 
volume of nanocrystalline copper oxide CuO particles suspended in water resulted in 
an improvement in thermal conductivity of almost 60% compared to water without 
nanoparticles. Murshed et al., (2005) found that nanofluids prepared by dispersing 
5% volume fraction Titanium Dioxide TiO2 nanoparticles in deionized water, the 
thermal conductivity enhancement is observed through hot wire technique to be 
nearly 33% respectively over the base fluid. Putnam et al., (2006) used an optical 
beam deflection technique to measure the thermal conductivity of ethanol-water 
mixtures. The enhancement was in a factor of 2 larger than predicted by effective 
medium theory.  
Penas et al., (2008) conducted an experiment using the multi current hot wire 
technique by dispersing nanoparticles of silica (SiO2) and Copper Oxide (CuO) in 
water and ethylene glycol at various concentrations up to 5% in mass fraction. Good 
agreement was found in recommended and published articles about the enhancement 
in the thermal conductivity of the fluids due to presence of dispersed nanoparticles 
using this technique. Han (2008) reported that 52% enhancement in the thermal 
conductivity was found in water-Fluorocarbons (FC72) nanofluids. At room 
temperature, the thermal conductivity of FC72 is 0.057 W/m.K, only one tenth of the 
thermal conductivity of water (0.58 W/m.K). This water FC72 nanoemulsion fluid 
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was prepared by using high- intensity ultrasonic homogenizer to emulsify water 
droplets (<10nm in radius) into FC72. 
A benchmark study on the thermal conductivity of nanofluids was made by 
(Buongiorno et al., (2009). The nanofluids tested were comprised of aqueous and 
nanoaqueous basefluids, metal and metal oxide particles, near-spherical and 
elongated particles, at low and high particle concentrations. The thermal conductivity 
of the nanofluids was found to increase with particle concentration and aspect ratio 
through a variety of experimental approaches, including the transient hot wire 
method, steady state methods, and optical methods. The resulted thermal 
conductivities were then validated through the effective medium theory developed 
for dispersed particles by Maxwell in 1881 and generalized by (Nan et al., 1997). 
Evans et al., (2006) have demonstrated that based on kinetic theory analysis of heat 
flow in fluid suspensions of solid nanoparticles in nanofluids, the hydrodynamics 
effects associated with Brownian motion have only a minor effect on the thermal 
conductivity of the nanofluid which was also discussed in (Gharagozloo & Goodson 
2011). All the above research have shown that thermal conductivity of nanofluids are 
much higher than normal fluids. 
2.4 Experimental works on viscosity of nanofluids 
Einstein was the first to calculate the effective viscosity of a suspension of spherical 
solids using phenomenological hydrodynamic equations. A benchmark study on the 
viscosity of nanofluids was made by (Venerus et al., 2010). The viscosity 
measurements were on the colloidal dispersions (nanofluids) for heat transfer 
applications. They examined the influence of particle shape and concentration on the 
viscosity of the same nanofluids tested by (Buongiorno et al., 2009). They compared 
data to prediction from classical theories on suspension rheology. The result showed 
that the lower concentration (߮ = Ͳ.Ͳͳ) fluid is Newtonian, while the higher 
concentration (߮ = Ͳ.Ͳ͵) fluid is non-Newtonian. The addition of solid particles to a 
liquid can significantly alter its rheological behaviour.  
A study on viscosity was conducted by Duan et al., (2011) two weeks after 
aluminium oxide Al2O3-water nanofluids were prepared at the volume concentration 
of 1-5%. A higher nanoparticle aggregation had been observed in the nanofluids 
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resembled non-Newtonian fluids. After ultrasonic agitation treatment, the nanofluids 
resumed as a Newtonian fluids. The relative viscosity increases about 60% as the 
volume concentrations increases to 5% in comparison with the base fluid. These 
experiments have shown that relative viscosity of nanofluids increases as the results 
of the addition of nanoparticles. 
2.5 Nanofluid flow over stretching and shrinking surface 
Nazar et al., (2004) studied unsteady two-dimensional stagnation point flow of an 
incompressible viscous fluid over a deformable sheet. He discussed the analysis 
when the flow is started impulsively from rest and the sheet is suddenly stretched in 
its own plane with a velocity proportional to the distance from the stagnation point. 
Wang (2008) studied two dimensional stagnation point flow on a two dimensional 
shrinking sheet and axisymmetric stagnation point flow on an axisymmetric 
shrinking sheet. It was noted that the line of stagnation flow is perpendicular to the 
stretching surface. 
Pop et al., (2004) presented radiation effects on the flow near the stagnation 
point of a stretching sheet. They show that a boundary layer is formed and its 
thickness increases with the radiation, velocity and temperature parameters and 
decreases when the Prandtl number is increased. Ishak et al., (2006) analysed steady 
two dimensional stagnation point flow of an incompressible viscous and electrically 
conduction fluid subjected to a uniform magnetic field, over a vertical stretching 
surface, he stated velocity of nanofluid decreases as Lorentz force acting opposite to 
the flow, which tends to increase the thermal conductivity of nanofluid 
proportionally.  
Dulal (2011) numerically analysed the flow and heat transfer in laminar flow 
of an incompressible Newtonian fluid past an unsteady stretching sheet in the 
presence of a non-uniform heat source/sink and thermal radiation. The time-
dependent stretching velocity and surface temperature resulted to the unsteadiness in 
the flow and temperature fields. Hamad et al., (2012) studied heat and mass transfer 
for boundary layer stagnation-point flow over a stretching sheet in a porous medium 
saturated by nanofluid with internal heat generation/absorption and suction/injection. 
He stated that suction tends to stabilize the boundary layer flow and injection can 
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reduce the friction drag. Therefore, one can conclude that there is some effect on 
flow of nanofluids over stretching and shrinking surfaces. This work will also take 
the nanofluid flow over stretching and shrinking surface into considerations. 
2.6 Classification of flow 
Flow are generally classified into uniform and non-uniform flow, compressible and 
incompressible flow, steady and unsteady flow, and laminar and turbulent flow.  A 
steady flow is one in which the conditions (velocity, pressure and cross-section) may 
differ from point to point but do not change with time (Shaughnessy et al., 2005). If 
at any point in the fluid, the conditions change with time, the flow is described as 
unsteady. Density of all fluids will change if pressure changes. Liquids are quite 
difficult to compress, so under most steady conditions they are treated as 
incompressible. In some unsteady conditions very high pressure differences can 
occur and it is necessary to take these into account. 
2.6.1 Stagnation point flow over porous surface 
The proposed algorithm will also investigate the thermal characteristics of nanofluid 
at stagnation point over porous surface. Mahapatra & Gupta (2001) numerically 
studied boundary-layer and magnetohydrodynamics stagnation point flow towards a 
stretching sheet. Their analysis showed that velocity at a point increase with an 
increase in the magnetic field when the free stream velocity is greater than the 
stretching velocity. Mahapatra et al. (2002) extend their investigation to a power-law 
fluid and studied the magnetohydrodynamic stagnation point flow of a power-law 
fluid towards a stretching surface. The result signifies that for a given magnetic 
parameter, the dimensionless shear stress coefficient increases in magnitude with an 
increase in power-law index when the values of the ratio of free stream velocity and 
stretching velocity are close to 1. 
Makinde et al., (2013) analysed the effects of buoyancy force, magnetic field 
and convective heating on stagnation-point flow and heat transfer due to nanofluid 
flow towards a stretching sheet. The combined effects of Brownian motion and 
thermophoresis on nanofluid over a stretching sheet were investigated. He concluded 
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response of nanofluid depends mainly on Brownian motion and thermophoresis. 
These findings will also be trailed through simulation. Porous surface and stagnation 
point will be taken into consideration. 
2.6.2 Stagnation point 
In general, there are steady and unsteady flow, laminar and turbulent flow. In steady 
flow, the flow properties at any given point in space are constant in time such as 
velocity, pressure and cross-section. In unsteady flow, the flow properties at any 
given point in space change with time. As for laminar flow, fluid particles move in 
smooth, layered fashion (no substantial mixing of fluid occurs) whereas for turbulent 
flow, the fluid particles move in a chaotic, tangled fashion (significant mixing of 
fluid occurs). There is another classification of flow available namely compressible 
and incompressible flow. In in compressible flow, the volume of a given fluid 
particle does not change which implies that the density is constant everywhere. In 
compressible flow, the volume of a given fluid particle can change with position 
which implies that the density will vary throughout the field. 
  In fluid dynamics, a stagnation point is a point in a flow field where the local 
velocity of the fluid is zero. In the flow field at the surface of objects stagnation 
points exist, where the object brought fluid to rest. When the velocity is zero the 
static pressure will be highest says Bernoulli equation and hence at stagnation points 
static pressure is at its maximum value. This static pressure is called as stagnation 
pressure. The Bernoulli equation applicable to incompressible flow shows that 
addition of dynamic pressure and static pressure is equal to the stagnation pressure. 
So in incompressible flows, total pressure is equal to stagnation pressure. Since 
addition of dynamic pressure and static pressure is equal to the total pressure 
providing the fluid entering the stagnation point is brought to rest. This phenomenon 
is also considered in this work. 
2.7 Magnetohydrodynamic (MHD) flow over porous surface 
The word magnetohydridynamics (MHD) is derived from magneto which means 
magnetic field, hydro means liquid and dynamics which mean movement. In 
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addition, MHD nanofluid flow is the study of electrically conducting nanofluids 
movement. The field of MHD was initiated by Hannes Alfven, an astrophysicist, 
who received the Noble Prize in physics in 1970. He found that a magnetic field line 
can transmit transverse initial wave (Davidson, 2001). 
Prior to this, an engineer called J.Hartmann invented an electromagnetic 
pump in 1918, with this pump he investigated the flow of mercury, a conducting 
liquid in a magnetic field (Davidson, 2001). It was during the 1960s that the 
development of MHD came into the field of engineering. The result was three 
technological innovations: (i) a liquid sodium pump cooler for fast-breeder reactor; 
(ii) a controlled thermonuclear fusion that require the hot plasma separated from 
material surface by magnetic force; and (iii) a MHD power generator that use the 
magnetic field to propel the ionized gas to improve power station efficiencies 
(Davidson, 2001). 
The set of equations which describe MHD are a combination of Navier-
Stokes equations of fluid dynamics and Maxwell’s equations of electromagnetism. 
These differential equations have to be solved simultaneously, either analytically or 
numerically because MHD is a fluid theory, it cannot treat kinetic phenomena. There 
are many studies on MHD flow such as Kafoussias & Nanoousis (1997) suction or 
injection pressure on MHD laminar boundary layer flow and ( Chamkha & Khaled., 
2000) on hydromagnetic combined heat and mass transfer by natural convection 
from a permeable surface embedded in a fluid saturation porous medium while 
(Chamkha et al. 2003) on thermal radiation effect on MHD forced convection flow 
in the presence of heat source or sink. Ishak et al., (2008) have investigated MHD 
flow and heat transfer on stretching surface and stated the flow of nanofluids. It can 
be argued that similar conditions are applicable for nanofluids on shrinking surface. 
Consequently, the studies had entered a new phase where nanofluid was 
included. Chamkha & Aly (2010) have analysed MHD free convection flow of a 
nanofluid past a vertical plate in the presence of heat generation or absorption 
effects. Kandasamy et al., (2011) investigated MHD boundary layer flow of a 
nanofluid past a vertical stretching surface in the presence of suction and injection. 
Nourazar et al., (2011) have studied MHD nanofluid flow over a horizontal 
stretching surface. Hamad & Pop (2011) have examined the MHD free convection 
flow past a vertical permeable flat plate in rotating frame of reference with constant 
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heat source in a nanofluid. All the above research has shown that MHD flow over 
porous surface is must in considering the study of thermal response of nanofluid. 
2.8 Conditions 
2.8.1 Boundary layer 
Ludwig Prandtl in 1904 pointed out that the flow of liquid with a small viscosity in 
the neighbourhood of fixed body can be divided into two regions. Acheson (1990) 
stated the region of very thin layer near the boundary layer, where viscosity forces 
can be neglected. The influences of viscosity forces in the boundary layer can be 
explained by the liquid adhering to the surface of the body, and the adhesion of the 
liquid cause on account of friction a dragging of thin layer adjoining the walls. In this 
thin layer, the velocity of the flow past the body at rest changes abruptly increasing 
from zero to the value of the velocity in the external current (Acheson, 1990; 
Anderson, 2005). 
Prandtl set up an equation satisfied in the first approximation by the velocity 
of flow of fluid in the boundary layer. These equations are called prandlt’s system. 
They form the basis of boundary layer theory. He theorized that an effect of friction 
was to cause the fluid immediately adjacent to the surface to stick to the surface. In 
other words, he assumed the no slip condition at the surface. Outside the boundary 
layer, the flow was essentially the inviscid flow (Achenson, 1990; Anderson, 2005). 
The concept of boundary layer is sketched in Figure 2.1 are velocity, thermal, 
velocity, concentration boundary layers respectively. 
A thermal boundary layer will develop if the surface temperature and free 
stream temperature are different. In Figure 2.1, at the leading edge, the temperature 
profile is uniform with T = T∞. The wall is maintained the thermal boundary layer 
thickness in x-direction. The fluid particles coming into contact with the surface 
exchange thermal energy with those in the neighbouring layers and a thermal 
gradient is setup. With increasing distance, y, from the surface, the fluid temperature 
approaches the free stream temperature. The effects of heat transfer penetrate further 
into free stream resulting in the growth of thermal boundary layer thickness. Like the 
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velocity boundary, the thermal boundary will also be defined as laminar or turbulent 
depending upon the critical value of Reynolds number (Kahar, 2014). 
In addition to the lack of consensus on physical properties there is not yet an 
accepted model for nanofluid flow. A number of models and physical mechanisms 
are framed is described (Das et al., 2003). This research focus on a particular form of 
model shown in Figure 2.1. In the real world situation, the heat exchanger for an 
example, the fluid is in contact with the walls and tubes of the exchanger and the 
bulk of the fluid moves relative to these surfaces. As the fluid moves, the layer of the 
fluid in contact with the metal surface is in fact stationary. Away from the metal 
surface the fluid begins to move faster and faster. This flow is known as laminar flow 
and is characterised by the fluid moving parallel to the surface of exchanger. Further 
into the fluid there comes a point where the flow is in longer laminar and is 
composed of an ever increasing amount of turbulence. This flow is known as 
turbulent flow.  
 
Figure 2. 1 Boundary layer flow (Kandasamy et al., 2011) 
where, 
ܷ  Velocity of nanofluid ቀ௠௦ ቁ ܷ௪  Velocity of nanofluid at wall 
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ܷ∞  Velocity of nanofluid at infinity ܶ  Temperature of nanofluid ሺܭሻ 
௪ܶ  Temperature of nanofluid at wall 
∞ܶ  Temperature of nanofluid at infinity ܥ  Concentration of nanofluid ሺܥሻ ܥ௪  Concentration of nanofluid at wall ܥ∞  Concentration of nanofluid at infinity 
These regions of laminar and turbulent flow are extremely important in heat 
transfer. The layer of fluid that exhibits laminar flow is termed the boundary layer. 
There is a critical velocity of the fluid at which the laminar boundary layer becomes 
turbulent. As the fluid velocity increases, the change from laminar to turbulent flow 
occurs closer and closer to the metal surface. In other words, the boundary layer 
becomes thinner as the fluid velocity increases (Mahapatra et al., 2011). The equation 
developed takes steady laminar flow as an important part of the work. The boundary 
layer shows the general flow and response of temperature and velocity in the Figure 
2.1. The above condition is taken into consideration in the theoretical flow analysis 
of this work. 
2.8.1.1 Convective boundary layer flow over porous surface 
The study of convective flow, heat transfer in porous surface has been an active field 
of research as it plays a crucial role in diverse applications, such as thermal 
insulation, extraction of crude oil and chemical catalytic reactors. More over our 
research is with convective boundary layer flow. Numerous models and group theory 
methods have been proposed by different authors to study convective boundary layer 
flows of fluid, which are (Birkfoff 1998, 1960; Yurusoy & Pakdemirli1997, 1999a, 
1999b; Yurusoy et al., 2001). 
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Kuznetsov & Nield (2010) have examined the influence of nanoparticles on natural 
convection boundary layer flow past a vertical plate, using a model in which 
Brownian motion and thermophoresis are accounted. In this study it is  assumed the 
simplest possible boundary conditions, namely those in which both the temperature 
and the nanoparticle fraction are constant along the wall. Nield & Kuznetsov (2009b) 
have analysed the effect of nanoparticles on natural convective boundary layer flow 
in a porous medium past a vertical plate and employed the Darcy model for the 
momentum equation. Bachok, et al., (2010) have studied theoretically the problem of 
steady boundary layer flow of a nanofluid past a moving semi-infinite flat plate in a 
uniform free stream flow move in the opposite directions. The problem of laminar 
fluid flow resulting from the stretching of a flat surface in a nanofluid has been 
investigated numerically (Khan & Pop, 2010). Mankinde & Aziz (2011) studied the 
boundary layer flow of a nanofluid past a stretching sheet with a convective heating 
boundary condition. Kuznetsov & Neild (2011) studied the double diffusive natural 
convective boundary layer flow of a binary nanofluid past a vertical surface 
incorporated it with the effects of Brownian motion and thermophoresis. 
Maiga et al., (2005) investigated the problem of laminar forced convection 
flow of nanofluids for two geometrical configurations, namely a uniformly heated 
tube and a system of parallel, coaxial and heated disks. For the case of tube flow, the 
heat transfer enhancement increases considerably with an augmentation of the flow 
Reynolds number. For the case of radial flow, both the Reynolds number and the 
distance separating the disks do not seem to considerably affect in one way or 
another the heat transfer enhancement of nanofluids (i.e., when compared to the base 
fluid at the same Reynolds number and distance). Hamad & Ferdows (2012) have 
investigated a two dimensional laminar forced convection flow over a permeable 
stretching surface in a porous medium saturated by a nanofluid. Evans et al., (2006) 
have demonstrated that the Brownian motion have only minor effect on the thermal 
conductivity of the nanofluid which was also shown in (Gharagozloo & Goodson, 
2011). 
Fully developed laminar mixed convection of a nanofluid consisting of water 
and Al2O3 in a horizontal curved tube has been studied numerically (Akbarinia & 
Behzadmehr, 2007). For a given Reynolds number, Buoyancy force has a negative 
effect on the Nusselt number while the nanoparticles concentration has a positive 
effect on the heat transfer enhancement and also on a skin friction reduction. Ahmad 
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& Pop (2011) studied a steady mixed convection boundary layer flow past a vertical 
plate embedded in a porous medium filled with nanofluids of Cu, Al2O3 and TiO2. It 
is shown that the solution has two branches in a certain range of the parameters. 
Gorla et al., (2011) presented a boundary layer analysis of mixed convection past a 
vertical plate in a porous medium saturated with a nanofluid. The equation in this 
study will take into consideration of all these findings. 
2.8.2 Porous medium, Porosity, Porous parameter 
Porous materials are encountered literally everywhere in everyday life, in technology 
and in nature. With the exception of metals, some dense rocks, and some plastics, 
virtually all solids and semi-solid materials are porous to varying degrees. Porous 
medium is characterized by a very large surface area to a volume ratio. This peculiar 
feature of the porous media can be utilized to either distribute heat energy uniformly 
or to enhance the heat transfer in heat exchange systems (Seigen, 1972). Porous 
material contain relatively small spaces, so called pores or voids, free of solids, 
imbedded in the solid or semi-solid matrix. The pores usually contain some fluid, 
such as air, water, oil. etc., or a mixture of different fluids. Pores material are 
permeable to a variety of fluids, that is fluids should be able to penetrate through one 
face of septum made of the material and emerge on the other side  (Bear & Bachmat, 
1990). In this research the study of transport phenomena in porous media have 
primarily been initiated by the research activity in geophysical and chemical 
engineering. The study of transport phenomena in porous medium has attracted 
considerable attentions and has been motivated by broad range of engineering 
applications. 
Porous media are proven to operate in most of the corresponding free fluid 
ranges. They can be used as an insulator for all temperature ranges and can be used 
as a heat transfer promoter for either sensible or latent heat transfer. Different 
transport models are used to model energy and momentum transport in porous media. 
These models are phonologically based upon governing equations which are 
inherited from the corresponding free-fluid flow. Porosity is the factor often 
characterizes the porous medium. Porosity is a fraction between 0 and 1. pores 
structure and the media porosity with respective properties can sometimes be derive 
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some of the other properties of porous medium like tensile strength, permeability  
and electrical conductivity, but such a derivation is usually complex. Porous medium 
the porosity is defined as the fraction of the total volume of the medium that is 
occupied by void space. It is shown that under conditions convective flow may occur 
in fluid which permeates a porous medium and is subject to a vertical temperature 
gradient, on the assumption that flow obeys Darcy’s law. This phenomenon is also 
considered in this work and the equation (2.2) is an integral part of the algorithm. � =  ௩௔௞                (2.2) 
where, � Permeability of the porous medium ሺ݉ଶሻ � Porous medium (dimensionless) ݒ  Kinematic viscosity ቀ௠మ௦ ቁ � Velocity component on porous surface ቀଵ௦ቁ 
2.8.3 Suction pressure 
Flow of a fluid into a low pressure region, or a partial vacuum region is called as 
suction pressure. The regions differ of pressure gradient between them and the 
ambient pressure will pull liquid toward area of low pressure. Mostly suction is 
considered as an attractive effect or vacuum effect. The production of a vacuum or 
partial vacuum in a cavity or over a surface so that the external atmospheric pressure 
forces the surrounding fluid, particulate solid, etc. into the cavity or causes 
something to adhere to the surface. Vacuum cannot attract matter but the atmospheric 
high pressure of the surrounding fluid can propel liquid into a vacuum area (Calvert 
& James, 2000). 
Typically pumps have both an inlet as well as an outlet. The inlet location is 
said to be at the suction side where the fluid enters the pump and the outlet location 
is said to be at the discharge side of the pump where the fluid comes out. Operation 
differs on the basis of pump. Pump creates a low pressure region (suction pressure) at 
the inlet side so that fluid can enter the pump, at the discharge side pump operation 
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causes higher pressure by forcing the fluid out at the outlet (Calvert & James, 2000). 
Under normal conditions of atmospheric pressure suction can draw pure water up to 
a maximum height of approximately 10.3 m. This is the same as the maximum height 
of a siphon, which operates by the same principle.  ܵ =  ௩బ√௔௩                 (2.3) 
where, 
ܵ is the suction parameter ሺܵ > Ͳሻ  ቀ௞௚௠యቁ ݒ଴ Mass flux ቀ ௞௚௦ ∗ ௠మቁ  � Velocity component on porous surface ቀଵ௦ቁ 
ݒ  Kinematic viscosity ቀ௠మ௦ ቁ 
Suction effect is given in one part of the work and following with injection 
effect on another part of the work. Both played major role in this work. The suction 
parameter equation (2.3) is included in this work. 
2.8.4 Injection pressure  
Flow of a fluid into a high pressure region is called as injection pressure. The regions 
differ of pressure gradient between them and the ambient pressure will force liquid 
toward area of high pressure. Mostly injection is considered as a blowing effect. In 
injection, with the help of external force the fluid is forced into high pressure region 
(Calvert & James, 2000). 
A similar pump characteristic as discussed in section 2.9.3 is applicable. 
Forcing a fluid to a region is termed as injection or blowing (Calvert & James, 2000). 
Injection force is given in the later part of the work by replacing suction effect. As in 
equation 2.3, similar equation can be used here. The difference is in ܵ value which is 
now an injection parameter ሺܵ < Ͳሻ. 
21 
 
 
ܵ =  − ௩బ√௔௩                 (2.4) 
where, 
ܵ Injection parameter ሺܵ < Ͳሻ  ቀ௞௚௠యቁ ݒ଴ Mass flux ቀ ௞௚௦ ∗ ௠మቁ  � Velocity component on porous surface ቀଵ௦ቁ 
ݒ Kinematic viscosity ቀ௠మ௦ ቁ 
2.8.5 Prandtl number 
The Prandtl number is a dimensionless number, defined as the ratio of momentum 
diffusivity (kinematic viscosity) to thermal diffusivity. That is, the Prandtl number is 
given as: �ݎ = ௩ఈ� = ௩�௦௖௢௨௦ ௗ�௙௙௨௦�௢௡ ௥௔௧௘ ௢௙ ௙௟௨�ௗ௧ℎ௘௥௠௔௟ ௗ�௙௙௨௦�௢௡ ௥௔௧௘ ௢௙ ௔ ௦௨௕௦௧௔௡௖௘        (2.5) 
where, 
 ݒ Kinematic viscosity  ቀ௠మ௦ ቁ 
ߙ௠ Thermal diffusivity ቀ௠మ௦ ቁ �ݎ ا ͳ means thermal diffusivity dominates �ݎ ب ͳ  means momentum 
diffusivity dominates. In heat transfer problems, the Prandtl number controls the 
relative thickness of the momentum and thermal boundary layers. When Pr is small, 
it means that the heat diffuses very quickly compared to the velocity (momentum). 
This means that for liquid metals the thickness of the thermal boundary layer is much 
bigger than the velocity boundary layer (Sherman, 1990). The dimensionless Prandtl 
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number is used as the integral part of the algorithm. The equation (2.5) is used in the 
algorithm 
Gases typically have Prandtl numbers in the range 0.7 -1 , while the Prandtl 
number for most liquids is much larger than unity. The Prandtl number for water 
ranges from 5-10, while that for an oil might be of the order of 50-100. It is not 
uncommon to encounter Prandtl numbers for viscous liquids that are of the order of 
several thousand or even larger. One exception to the general rule for liquids is a 
liquid metal. Liquid metals conduct heat very efficiently, and therefore have a 
relatively large value of the thermal diffusivity when compared with ordinary liquids. 
On the other hand, viscosities are about the same as that of ordinary liquids. As a 
consequence, the Prandtl number of a liquid metal is typically of the order of 10-2 
(White, 2006; Hewitt et al., 1994). Since many researchers like Gururaj & Devi 
(2014), Pal et al. (2014) and Rohni et al. (2012) have chosen Prandtl number around 
7 for water nanofluids at 20℃. In this research Prandtl number is chosen as 6.2 for 
nanofluids as most researchers use 6.2, the author has decided to use Prandtl number 
as 6.2. 
2.8.6 Chemical reaction 
A chemical reaction is a process involving one or more substances called reactants, 
characterised by a chemical reaction change and yielding one or more products 
which or different from the reactants. A chemical change is defined as molecules 
attaching to each other form large molecules, molecules breaking apart to form two 
or more, smaller molecules or rearrangement of atoms within molecules (The 
Encyclopaedia of Earth,  2011). The study of heat and mass transfer with chemical 
reaction in the presence of nanofluids is of considerable importance in chemical and 
hydrometallurgical industries. Chemical reaction can be codified as either 
heterogeneous or homogeneous process. This depends on whether they occur at an 
interface or as single phase volume reaction. 
Homogenous reaction or chemical reaction in which the reactants are in the 
same phase, while heterogeneous reactions have reactants in two or more phases. 
Reactions that take place on the surface of a catalyst of a different phase are also 
heterogeneous. A reaction between two gases, two liquids or two solids is 
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homogenous. A reaction between a gas and a liquid, a gas and a solid or a liquid and 
a solid is heterogeneous. Practical application of heterogeneous reaction are in 
catalytic converter, fuel cells and chemical vapour deposition among others, recently, 
manufacturing engineers have surface reactions for synthesis of micro and nanoscale 
in biomedical devices. In this research water is considered as a base fluid so chemical 
reaction is not considered. If other base fluids like oil, glycol, and petrol are used 
then chemical reaction should be considered.   
2.8.7 Thermal conductivity 
Choi & Eastman (1995) states thermal conductivity is the property of a material to 
conduct heat. It is the quantity of heat transmitted through a unit thickness in a 
direction normal to a surface of unit area, due to a unit temperature gradient under 
steady state conditions. The ratio of nanofluid thermal conductivity �௡௙ to the base 
fluid thermal conductivity �௙ (Buongiorno, 2009).  
2.9 Stream Conditions 
There are various other factors including stream conditions that influenced the 
characteristics of the boundary layer flow over porous surfaces. Stream conditions 
have some dimensionless parameters. Several physical parameters, which 
characterised the flow often called as dimensionless numbers arise in the study of 
nanofluid flows (Vandiver & Marcollo, 2003). In this section, few of these 
dimensionless parameters are presented which is more importantly used in this 
research. In this thesis, nanofluid flow velocity, temperature and nanoparticle volume 
concentration on porous vertical stretching and shrinking surface are analysed. Some 
of the factors to be considered while analysing nanofluid flow. Some of the factors 
and stream conditions are as follows: 
2.9.1 Magnetic effect  
Magnetic field has two important mathematical properties that relate it to its sources. 
The sources are currents and changing electric fields. These two properties, along 
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with the two corresponding properties of the electric field, make up Maxwell's 
Equations. Maxwell's Equations together with the Lorentz force law form a complete 
description of classical electrodynamics including both electricity and magnetism 
(Huray & Paul, 2009). Magnetic field tends to produce Lorentz force to the flow 
field. Lorentz force induced by the magnetic field plays a major role in flow field. In 
this work, magnetic effect is given to observe the electrically conducting nanofluids 
flow in the presence of magnetic field. The equation (2.6) is an integral part of 
algorithm. ܯ = �஻బమ�೑௔                 (2.6) 
where, ܯ Magnetic parameter  ௞௚ ௠మΩ ஺మ ௦య � Electrical conductivity of the fluid ቀ ଵΩ ∗ ௠ቁ �௙ Density of base fluidቀ௞௚௠యቁ ܤ଴  Uniform transverse magnetic field strength ቀ �஺ ௠ቁ �  Velocity component on porous surface ቀଵ௦ቁ 
2.9.2 Thermal radiation 
Thermal radiation is electromagnetic radiation generated by the thermal motion of 
charged particles in matter. All matter with a temperature greater than absolute zero 
emits thermal radiation. When the temperature of the body is greater than absolute 
zero, interatomic collisions cause the kinetic energy of the atoms or molecules to 
change. This results in charge-acceleration and/or dipole oscillation which produces 
electromagnetic radiation, and the wide spectrum of radiation reflects the wide 
spectrum of energies and accelerations that occur even at a single temperature 
(Sciuto, 2012). Heat and power can be harvested from the solar radiation or radiation 
or from sun. this term is denoted by radiation. Unlike heat transfer methods 
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